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lthough the acquisition protocols of myocardial perfusion
maging (MPI) have evolved over the past 4 decades, 2 sets
f images (stress/rest) remain a standard practice (1). Even
ore sets are at times acquired for special indications (e.g.,
e described a protocol with 4 sets of images, rest/4-h
elayed thallium-201 and high-dose/low-dose dobutamine
ated technetium [Tc]-99m sestamibi to characterize dys-
unctional myocardium as scar, hibernating or stunned) (2).
he pros and cons of the 1-day stress/rest, 1-day rest/stress,
nd 2-day stress/rest have previously been discussed, and
uffice it to say each has advantages and limitations (1).
See page 221
There are several potential reasons for acquiring 2 sets of
mages: differentiation of ischemia (reversible abnormality)
rom scar (fixed abnormality), increasing the confidence in
ecognition of artifacts, assessment of nonperfusion vari-
bles such as transient left ventricular dilation and post-
tress stunning, and to have a more precise assessment of left
entricular ejection fraction (EF) when there is a gating
roblem with 1 of the 2 studies. Another reason, seldom
cknowledged, is because of the tradition, and no wants to
e accused of violating 4 decades of tradition! Finally, and in
he spirit of the tradition, it is because the images are
nterpreted at the end of the day (because some readers
ight have several other concomitant commitments, such as
linic hours, hospital rounds, or cardiac catheterization),
nd it is more convenient for the reader (although not the
atient) to have a standard policy of acquiring 2 sets of
mages on every patient. The laboratories using a rest/stress
rotocol or a dual isotope protocol (rest thallium-201/stress
c-99m–labeled tracer) are by necessity committed to
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rotocol are committed to the same practice just because of
he late reading time!
A more practical approach would be to use a stress/rest
rotocol, review the stress images as soon as they are
ompleted, and if unequivocally normal (perfusion and
unction), omit the rest study (stress-only protocol). The
dvantages of this protocol are listed in Table 1. These
dvantages are very meaningful, considering the ever-
ncreasing concerns about the health costs (especially imag-
ng), the radiation exposure, and the oft-repeated criticism
hat MPI is a time-consuming procedure (unlike, say, stress
chocardiography). The radiation exposure is reported to be
n the range of 14 mSi for a typical stress/rest or rest/stress
rotocol and only 6 to 7 mCi for a high-dose stress-only
tudy (and even lower if a smaller dose is used, 15 rather
han 25 mCi) (3). The decrease in total dose of tracer
eeded is especially important currently, where there is a
idespread shortage of Tc-99m supply. The stress-only
rotocol obviously requires a change in culture and is against
he status quo of how we do imaging, but it is not difficult
o implement, because we have been doing it in our own
aboratory for more than 10 years, and it has enabled us to
un a high-volume operation very efficiently. There is 1
enior reader who reads all images as soon as they are
cquired and processed (all patients, 5 days/week) and
ommunicates with the laboratory as to the need or lack of
t for a rest study.
Alternative methods are on the horizon for decreasing
maging time by improvements in software and hardware,
ut these have not yet been widely used and await further
alidations (4).
A recent statement by the American Society of Nuclear
ardiology (5) concluded:
The best use of a stress-only imaging strategy is likely to be
in the selected low- or low-to-intermediate-risk population,
in whom it is anticipated that the stress study will be
normal. The limited data available seem to support the
physician-guided highly selective use of this logical ap-
proach in this population. The American Society of Nuclear
Cardiology believes that for the appropriate use of this
strategy it is essential that the interpreting physicians be
highly experienced and that the interpreting physicians
make the decisions about who will benefit from resting
images. Additional studies in this area are needed, particu-
larly studies addressing clinical outcomes of patients who
have decisions made on the basis of stress-only imaging.
This strategy does not yet have sufficient data to support a
widespread utilization.
In 2 prior reports, patients (116 patients in the first study,
nd 652 patients in the second study) with normal stress-
nly images had low event rates comparable to prior reports
sing 2 sets of images (6,7). Another preliminary report by
uvall et al. (8) in a much larger number of patients (1,673
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Stress-Only Imaging January 19, 2010:231–3ith normal rest/stress images) also showed very low and
omparable event rates in these patients regardless of
hether 1 or 2 sets of images were obtained.
In this issue of the Journal, Chang et al. (9) provide
onvincing evidence that patients with normal stress-only
mages have the same low mortality as patients with normal
mages on the basis of evaluation of both the stress and rest
mages. These conclusions were derived from 16,000
atients, one-half of whom had stress-only images, and the
edian follow-up period was 4.5 years. All images were
nterpreted by experienced readers using visual analysis
upplemented by quantitative analysis and attenuation cor-
ection (with external line sources), a method that has
reviously been shown to improve specificity by minimizing
ttenuation artifacts (6–10). These patients represented
ne-third of all patients imaged in their institution and
ne-half of all normal images. One would assume that these
atients had a very low likelihood of coronary artery disease
CAD), but this was not the case, because 27% had known
AD and 58% of the remaining patients had intermediate
robability of CAD. Furthermore, most patients had phar-
acological stress testing, and many were inpatients, groups
hat are known to be at higher risk.
The salient features for performing stress-only images are
isted in Table 2. This study examined the all-cause mor-
ality and did not provide information on cardiac mortality
r nonfatal myocardial infarction, but on the basis of their
stimates of the relation between cardiac and all cause
ortality, the cardiac mortality is estimated to be low and in
ccordance with prior reports (11–15). Also in accordance
ith prior studies, patients with known CAD or diabetes or
equirements for Stress-Only ImagesTable 2 Requirements for Stress-Only Images
1. Good quality images
2. Experienced reader
3. The stress study is done as the initial study
4. The tracer dose is selected per accepted guidelines, and a large dose is used
only if the patient would otherwise have qualified for a 2-day study.
5. Interpretation soon after acquisition and processing
6. Unequivocally normal perfusion and function, by visual and quantitative
analysis. The interpretation should equally be unequivocal.
7. Attenuation correction increases reader’s confidence but is not a necessity for
stress-only imaging paradigm
8. This paradigm of stress-only imaging could be applicable to exercise and
pharmacological stress testing and to patients with known or unknown
dvantages of the Stress-Only ProtocolTable 1 Advantages of the Stress-Only Protocol
1. Saves time (it is the fastest protocol)
2. Increases laboratory efficiency (more patients could be studied/day/camera)
3. Decreases cost (billed as a single code rather than multiple codes [CPT code
78464 instead of 78465])
4. Improves patient convenience (less time in the laboratory and under the
camera)
5. Decreases radiation exposuredhose who underwent pharmacological stress testing had
igher mortality than their counterparts, but this was true in
atients with stress-only and in those with 2 sets of images.
nlike other studies that used hazard ratios or odds ratios,
his study used the time ratio (TR) from the accelerated
ailure time models. The odds ratio is generated from the
ogistic model to assess the risk of death when the time of
eath is not known. The hazard ratio from the Cox
roportional hazards model is used to assess the risk of
eath when the time to death is known. The Cox model
ssumes that the hazards over time are consistent. When
his assumption is violated, the TR is used; a TR of 2 means
oubling survival, whereas a TR of 0.5 means reduction in
urvival by 50% in those with versus those without a given
redictor.
The attenuation correction used in this study was also
sed in the study by Gibson et al. (7) and Duvall et al. (8)
iscussed earlier, but in this study, attenuation correction
as used to confirm that a study is normal but was otherwise
ot used in the decision-making process. This is an impor-
ant attribute of this study, because it makes the results
pplicable to other sites that do not use attenuation
orrection.
It is important not to confuse the issue of when to use
tress-only imaging; patients with abnormal or equivocal
tress images require rest imaging to resolve the problem
nd characterize the abnormality as to whether fixed or
eversible. Our general rule is “when in doubt, obtain a rest
mage.”
There are special issues that need further studies, and
hese are listed in Table 3. One might argue that stress-only
mages deprive the reader of other imaging variables such as
ransient ischemic dilation and post-stress stunning. The
atter should not be an issue as per selection criteria; the
atients with stress-only images have normal wall motion/
F. This reviewer is not convinced that transient ischemic
ilation is a risk factor in the absence of perfusion defects or
epressed EF.
The health costs, radiation dose, and patient comfort
emand that we become flexible in our selection of imaging
rotocols; the status quo is no longer tenable. This change
n imaging protocol combined with recent and future
ersonal Recommendationsn Special Circu stancesTable 3 Person l R commendationsin Special Circumstances
Issue Recommendation
Positive ST segment response but normal
stress images
Do not recommend rest imaging
Over-correction with attenuation correction
methods (e.g., improvement of inferior
defect but a new anterior defect)
Recommend rest imaging
Suboptimal quality images due to hot spots,
motion, or low counts
Recommend repeating the stress
images
Depressed ejection fraction, large left
ventricular cavity, or poor gating
Recommend rest imagingcoronary artery disease
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January 19, 2010:231–3 Stress-Only ImagingPI is an all-day procedure. The current article reinforces
his concept and provides assurance that omitting the rest
tudy does not compromise patient safety. The non-
erfusion data seldom change the outcome of the patients in
he presence of normal perfusion and function (1,14,15).
he American College of Cardiology, the American Society
f Nuclear Cardiology, the Centers for Medicare and
edicaid services, and the third-party payers should make
ote of this new paradigm in imaging, because it is
pplicable to a sizable proportion of patients, and its impact
n cost and safety is substantial.
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